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Abstract of Thesis

In many industries, Brushless DC (BLDC) motor is actively used since it has many advantages such as low
noise, high efficiency and long life span. Especially, a rapid growth of the Electric Vehicles (EV) and Hybrid
Electric Vehicles (HEV) industries have increased the needs for high performance BLDC motor structures, which
output high torque, consume low current and maintain stable operating state with decreased size and
manufacturing cost at the same time, since many operating systems of them are comprised of electrical physical
actuator systems which include BLDC motor. In addition, the needs for effective sensorless BLDC motor control
algorithms, which can maintain the stability of the control characteristics in any environment, also increased in
the EV and HEV industries since many electrical physical actuator systems of them are controlled without
position detecting devices of BLDC motor. Because of this reason, study on novel structure and effective
sensorless control of BLDC motor are actively conducted in many laboratories and companies.

In this research, first, a novel asymmetrical half-type Interior Permanent Magnet (IPM) BLDC motor is
proposed for applying to Electric Oil Pump (EOP) of HEV. This IPM BLDC motor structure utilizes half-type
Permanent Magnet (PM) configuration, only half the number of PMs is used than that of the conventional IPM
BLDC motor, with all the magnets magnetized in the same direction. Also, the proposed asymmetrical half-type
IPM BLDC motor has asymmetrical side gaps (slot next to the PMs) by widening side gaps, which locate at the
parts those do not having magnets, and removing the thin bridges, which separate side gaps of the parts those
having magnets and those do not having magnets, for reducing the torque ripples and leakage flux. Although the
proposed asymmetrical half-type IPM BLDC motor uses 24 % less volume of PMs than that of the conventional
IPM BLDC motor, neighboring magnets magnetized in opposite directions of each other, it is possible to create
almost the same characteristics with that of the conventional IPM BLDC motor without increasing the motor size
since the decreased leakage flux of the proposed asymmetrical half-type IPM BLDC motor makes it possible to
make almost the same torque constant with that of the conventional IPM BLDC motor.

For verifying the usefulness and suitability of the proposed asymmetrical half-type IPM BLDC motor for EOP
of HEV, the proposed asymmetrical half-type IPM BLDC motor is compared with the conventional IPM BLDC
motor and three other half-type IPM BLDC motors, which have different side gaps, under various torque load
conditions through Finite Elements Method (FEM) analysis. Then, experimental evaluation on the prototypes of
the proposed asymmetrical half-type IPM BLDC motor and the conventional IPM BLDC motor is implemented
under various torque load conditions. Finally, experimental evaluation on the EOP of HEV, which is assembled by
the prototype of the proposed asymmetrical half-type IPM BLDC motor, is implemented at 85 °C oil chamber
under various operating conditions. Through this research, it was possible to obtain the high performance IPM
BLDC motor by the proposed asymmetrical half-type IPM BLDC motor, and also possible to verify the usefulness
and suitability of the proposed asymmetrical half-type IPM BLDC motor for EOP of HEV.

This research also analyzes the effects of two types of back Electromotive Force (EMF) detecting electrical
circuits on sensorless BLDC motor control for applying to sensorless controlled actuator systems of HEV. The 1st
back EMF detecting electrical circuit, which uses a dynamic threshold level, always creates rotor position signals
of almost the same average duty at various rotation speeds under no torque load condition since the dynamic
threshold level changes automatically according to the maximum back EMF level. On the other hand, the 214 back

EMF detecting electrical circuit, which uses a static threshold level, always creates a different rotor position




signals duty at various rotation speeds under no torque load condition, and causes the sensorless BLDC motor
control error frequently since the static threshold level is manually adjusted at the start of motor control, and it
does not change according to the maximum back EMF level.

For verifying the usefulness and suitability of the 15t back EMF detecting electrical circuit, which uses a
dynamic threshold level, for sensorless controlled actuator systems of HEV, electrical circuit simulation is
implemented using general trapezoidal waveforms by changing the trapezoid peak. However, it is not possible to
apply almost the same back EMF signals of BLDC motor and various rotation speeds under no torque load
condition through electrical circuit simulation, and this makes it impossible to estimate the actual effects of two
types of back EMF detecting electrical circuits on sensorless BLDC motor control. Because of this reason, coupled
analysis of the FEM BLDC motor model and back EMF detecting electrical circuit is implemented at various
rotation speeds under no torque load condition to estimate the actual effects of two type of back EMF detecting
electrical circuits on sensorless BLDC motor control. It is the main target of this analysis. Especially, coupled
analysis is implemented by applying both of full-type, neighboring magnets magnetized in opposite directions of
each other, and half-type FEM BLDC motor models for obtaining more reliable analysis results. Finally,
experimental evaluation is implemented at various rotation speeds under no torque load condition using a
full-type 8 pole 12 slot IPM BLDC motor and embedded 3 phase BLDC motor controller. Through this research, it
was possible to obtain more reliable analysis results since coupled analysis was implemented, and also possible to
verify the usefulness and suitability of the 15t back EMF detecting electrical circuit for sensorless controlled
actuator systems of HEV.

In addition, in this research, a half-type IPM BLDC motor is designed and analyzed for applying to sensorless
controller integrated assistant EOP of passenger car. For verifying the usefulness and suitability of the designed
half-type IPM BLDC motor for sensorless controller integrated assistant EOP of passenger car, coupled analysis
of the designed half-type FEM BLDC motor model and the mathematically composed model of 3 phase BLDC
motor controller, which creates the 3@ harmonics overlap of the sinusoidal waveform drive signal type, is
implemented under various torque load conditions. Then, experimental evaluation on the prototype, which is
assembled by the designed half-type IPM BLDC motor and sensorless controller, is implemented under various
torque load conditions using an inverter without connecting the sensorless controller. Finally, the reasons for a

difference between the results of coupled analysis and experimental evaluation are analyzed in detail.
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R, BEBRE . MR CTREMCHIHID, WIEVEERTT 7L ADCE—F (BLDC) BWEEREBER AT A
b D KOs Tx Tz, ., BREBH (EV) oA 7Y v R (HEV) ~O=—XAR2#HIZHOTE Y,
E—F O MV RIHEE), BIEa X MR ESDOBERPEESTND, 2O L9 RRIITBW T, £~ 72 BLDC
RFDE Y L AHIEIZBET 2SI BN TR ENTWD, KL TIHEH LV BLDC OffiEE P12
HIBEDIREZATV, T R OIS L 2 EBRBRFEIC L Y . ZOHMEEZHER L TV D,

% 1 % ClX, HEV I BLDC & Z OHI#IZ 2V T ORFZETR 5 & BRI DWW T L NIZ LTV 5,

F2ETIE, HEV A A VAR T (EOP) ~D#M A% —5y M & LT, [BEf-ISH R & MR oD R 2 22 A BL B
Lien—724 7O IPMABLDC E—# ZRE L, TOWHEEHIFREEZR L TWD, Bz, AREFRE (FEM) fif
Hriz kD P77 8tE, N-T (RAE—R-b ) Fith BRKROBEZR EOF— X FpEE R, IERET L& DOLERIC
LV BRBEE—FZOHEIMEEZH LI LTV D,

#3ETIL, 2% L7 BLDC OFUEHIC X 5 EBRIRGEATT > T D, aX 7 MLy Offl, fHER. N-T FE 2
g ERx RATTRIE T COBEREZBIE L, 2RI E OEREHRIC LV, RERETVOEMEEZ R LTS, £
7o, AIRERMITFERE OLBIZ LY . BT OFAEIC OV THERL TV D,

BAETIX, BRAEHRAA (back-EMF) ¥ L ARIBETEEZREL T D, RFEEIFAFTIv I ALy va
AL ROBEEZFIFALC, m—2@EEEFEHICHNTHHETHY . HEV AE—ZHlfNc@EA L Tnb, AR
FELOEFE Y I 2 b—y g VBRI A VT REETFEOG AR L TV D,

555 B CIE, R LIZHIEEEORIEREIC £ 5 EBRRFEZ1T > T\ D, Rk 2 BIERHE SR 2 CRME 24T, Bo 3
VAR ATHD Z L 2R LTS,

F6.7TETIEH MBI L LD HEY Aty L Aay hr— 7 NEOHiB) EOP ~DO#E#Hi~M i} T $#2% L7 BLDC
T H ER—RAEHRF LTV D, HRRERMT K OFERIC X DRI 21T > TR Y . ZOE ML YD THER
LT3,

8 ETIE, AR THONIHREEE LD TND,

P boD & 91z, AFw3CiE, HEV H BLDC E—# & T OHMHEICE T 2R A2 6N L TR D | HRx REESTF~D
JEH BB CE 5, Lo TARRMUIM R E L Tlifid 2 b D L8 5,




